Several context-aware applications exist that provide tourists with location-based content delivery and interface adaptation to current activity. Our approach differs from previous ones as we consider a tourist not only as a target for content delivery, but also as a source of valuable information, useful for other tourists and service providers as well. This work describes a tourism context-aware application that provides tourists on the move with proper mobile and location-based contextaware services supporting community building and knowledge exchange. To this purpose, the application includes a context-aware instant messaging service and a tourist service provider reputation system, which supports tourists during decision-making processes. Here we describe main issues related to the design and prototype implementation of the tourism context-aware application and main results of user trials.
Introduction
Tourism is a key scenario for context-aware applications. As a matter of fact, a tourist during a journey demands a set of services in a manner often depending on the current situation. Well-known examples of context-aware services for tourists equipped with mobile devices are location-based content delivery (e.g., artwork descriptions or commercial offers) and human-computer interface adaptation to the current activity (e.g., visit or relax).
Our approach differs from previous works in 1 context-aware applications for tourism as we consider a tourist not only as a target for commercial promotion and cultural content delivery, but also as a source of valuable information, which can be useful for other tourists and for tourist service providers as well. We believe that seeing tourists not just as individuals, but as members of communities, is a key concept for the design of innovative tourism applications. We intend tourist communities as groups of tourists with common interests, where communication should be enabled and knowledge should be formalized and exchanged for the benefit of all members.
PAGANELLI AND GIULI
This work has been done in the framework of the KAMER project. KAMER (Knowledge management in AMbient Intelligence for the innovative development of Emilia Romagna) is an Italian regional project that involves two universities and one company. Its main objective is to define novel models and technologies of Ambient Intelligence (AmI) and context-awareness supporting knowledge exchange and collaboration among individuals in mobility. The scenario that has been identified for testing out knowledge processes focuses on tourists visiting a cultural city (Piacenza) and its points of interest.
This work describes a tourism context-aware application integrating in a novel way already available location-based content delivery services with communication and knowledge exchange services promoting the above-mentioned aspects of community building. Here we describe the following context-aware services:
• an instant messaging service, supporting the dynamic creation of tourist communities, exchanging comments about common interests, and accessed services.
• a service provider reputation manager, supporting tourists during decision-making processes.
In our work, context awareness means not only awareness of user location, but also awareness of user preferences, current activity, closeness to points of interest, and physical proximity to other tourists, especially those with similar preferences and itineraries. In order to cope with these requirements, the KAMER prototype includes a context management middleware that supports context data acquisition, processing, storage, and delivery to applications.
This work describes main design issues and prototype implementation of the KAMER tourism application and context management middleware. The next section highlights existing related research activities while motivating our approach. Then there is a description of the application scenario that inspired the design of the KAMER context-aware application. The main concepts of context awareness and context modeling are then introduced. The KAMER tourism context-aware application, detailing the Context Management Middleware, the Reputation Manager, and Instant Messaging components is then described. Then we discuss some preliminary results of user testing activities and conclude the article by highlighting the most relevant results of our work with reference to future research activities.
State of the Art of Context-Aware Systems in the Tourism Domain
Several context management systems and related context models can be found in the literature. Gaia (Roman et al., 2002 ) is a distributed middleware infrastructure designed to ease the development of applications for smart spaces, such as smart homes and offices. It provides a framework to develop user-centric, multidevice, and contextaware mobile applications and it offer services to query and utilize existing resources, to access and use current context. Gaia core services include an event manager service that is responsible for event distribution in the active space and implements a decoupled communication model based on suppliers, consumers, and channels, and a set of services targeted to context management: a context service, which allows applications to query and register for particular context information; a presence service responsible for detecting and maintaining update information about entities present in the active space, digital (e.g., service and application) as well as physical entities (e.g., furniture and people); a space repository storing information about all software and hardware entities contained in the space; a context file system, which manages files according to relevant context information by dynamically constructing context-dependent virtual directory hierarchies.
Context Broker Architecture (CoBrA) (Chen et al., 2003) is an agent-based architecture for supporting context-aware computing. In the CoBrA architecture, a domain model a part of the real world that can be represented in a context-aware system, and a context-aware system may consists of multiple domains. In each domain, a Domain Context Broker is responsible of enabling contextaware agents and services to share a common context model and protecting the privacy of users. The context broker consists of four main components: the Context Knowledge Base, the Context Inference Engine, the Context Acquisition Module, and the Privacy Management Module.
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The context management middleware proposed by Hitz and Plattner (2003) , named XdC (conteXt deduced Content), provides several features of context management: tracking of a user's context, context personalization and filtering based on context pattern augmented content, user selection of context-dependent content, navigation in the context space. The context model is structured according to four orthogonal dimensions: the spatial, temporal, social, and technical dimensions. The user's current situation is represented by a combination of instances of all four dimension classes, named "fully qualified context." Context-dependent information can be accessed via different client systems. Adaptation to different client types is based on XSL Transformations.
Prior efforts to develop context-aware applications in the tourism application domain are numerous. Early work includes the GUIDE system (Cheverst, Davies, Mitchell, & Friday, 2000) , which provides tourists with location-based information by accessing a PDA. COMPASS (Van Setten, Pokraev, & Koolwaaij, 2004 ) is an application providing tourists with context-aware recommendations and services. Gulliver Genie (O'Grady & O'Hare, 2004 ) is a prototype of a context-aware application, delivering proactive information services to tourists based on their location and preferences. Another example of a city guide is Sight seeing4U (Scherp & Boll, 2004) , which delivers location-based information via a multimodal user interface on a mobile device. HyunJeong and Schliesser (2007) have studied the question of how mobile handsets can change the nature of cultural and historical tourist experiences in ubiquitous city environments. Thanks to its advantages (i.e., portability, multimedia capacity, access to wireless Internet, and location-aware potential) the mobile handset can be exploited as a key subsystem to deliver site-specific cultural and historical information, by deepening the mobile user's interest in the sites being visited, and enhancing his/her overall experience of the area.
Intelligent agent technology is used in the IMAGE project to deliver dynamic, mobile, personalized, location-based information and services, specifically related to travel and tourism through fixed and mobile devices (Edwards, Blythe, Scott, & Weihong-Guo, 2005 ).
In the above-mentioned applications, information about context is used mainly in order to provide tourists with information tailored to their current location and interests, while the social dimension of tourism is not sufficiently supported.
A first attempt to investigate a new approach about mobile technologies for tourist service delivery, considering tourists as knowledge units, not only as content consumers, has been done in History Unwired (http://web.mit.edu/frontiers/). This project focuses mainly on designing mobile solutions for improving knowledge exchange between tourists and local residents.
Contribution of our Work
Based on this state-of-the-art analysis, our contribution proposes a novel approach for tourist community building thath aims at improving communication and knowledge exchange among tourists, by leveraging on mobile, location-based, and context-aware technology. Moreover, our design approach aims at coping with requirements of extensibility and interoperability, by adopting open formats for context data representation and standard interfaces based on Web Services.
Computing services for community building and support has to comply with diverse and amorphous groups of people. While groupware is targeted to already organized groups of people sharing common objectives, community computing focuses on an earlier stage of collaboration for establishing groups from a wide variety of people willing to share mutual experiences. Schlichter, Koch, and Xu (1998) provide the following definition of communityware and groupware: "communityware is a medium for initiating contact with unknown individuals who have similar interests and preferences; groupware is a medium for contacting and interacting with known collaborators in order to achieve a shared goal" (p. XX).
According to Ishida, Nakanishi, and Nomura (2004) , the community metaphor can include different functions for promoting social interactions: 1) knowing each other; 2) sharing preference and knowledge; 3) generating consensus; 4) supporting everyday life; 5) attending social events.
In the framework of the KAMER project we have focused on implementing services for creat-ing communities among individuals visiting a tourist site. We thus selected the features 1), 2), and 4) as targets for services' design and development.
Context awareness is a key system capability for acquiring and managing information that can be exploited in order to infer relations among individuals. At this stage of the project, location is the context information that is used by the system to group users (i.e., physical proximity is the main criterion used for community building).
Point 1) is mainly addressed by deploying an instant messaging service used for establishing direct communication in a group of two or more individuals and thus enabling free and "unstructured" knowledge exchange, thus helping people to "know each other." Points 2) and 4) are mainly addressed by a reputation manager system enabling tourists to leave their feedback and comments about sites of interest and tourist services (e.g., hotels and restaurants). These feedbacks are processed and then shared with other tourists, in order to support them during decision-making process.
Scenario
Here we describe an application scenario to point out basic KAMER tourism application functional requirements.
Tom, a tourist equipped with a PDA, starts his visit in the Piacenza city-center. When Tom is near a tourist point of interest, the KAMER tourism application proactively shows the description and multimedia contents related to the site. The application also provides an Instant Messaging (IM) service. Tom's contact list is dynamically updated by the system to show the list of other KAMER-equipped tourists currently located close to him. For each contact in Tom's list, the IM client displays some context data: the current physical location, profile data (e.g., age, nationality, tourism-related interest, tourist itinerary), and current activity (e.g., relax, indoor visit). Tom can choose which tourists to contact according to these data. He decides to send a message to Julia, who is relaxing in a café nearby. A conversation about Piacenza is established.
It is lunch time; the KAMER Tourism application alerts Tom that he is near a typical restaurant that fits his meal preferences. When Tom is prompted with this notification (e.g., "you are close to the restaurant . . ."), he can access the evaluation and textual comments left by other tourists. Optionally, he can contact feedback authors if still present on site (through instant messaging). He contacts Julia again to suggest a meeting in front of the restaurant. After lunch, he can insert his comment about the service.
Context Awareness
This section introduces main concepts about context awareness. First, we describe the general logical architecture of a context-aware system and the Context Model that have been adopted in the KAMER project.
Context Aware System
Context awareness is a general concept, referring to the capability of a system to be aware of its physical and logical environment and to intelligently react according to this awareness.
The logical architecture of a context-aware system is made of three main components:
• Context Providers: distributed sensors and information providers that gather context data (e.g., user location, weather).
• A Context Management System: distributed system that takes care of context data acquisition from heterogeneous context providers, context information aggregation and reasoning, and context delivery to context-aware applications.
• Context Consumers: software entities that adapt their behavior to context data.
According to this schema, a context-aware system is structured as a set of loosely coupled components, thus promoting scalability, flexibility, and maximizing reuse of context management services in different application scenarios.
KAMER Context Model
Our work moves from the widely accepted definition of context, provided by Dey and Abowd (2000) : "Context is any information that can be used to characterize the situation of an entity. An TOURISM CONTEXT-AWARE APPLICATION 5 entity is a person, place or object that is considered relevant to the interaction between a user and an application, including the user and applications themselves" (p. XX). Based on this seminal contribution, we use a more operative definition: Entity is a person, place, computational entity, or object that is considered relevant for determining the behavior of an application. Context is the minimum set of information that can be used to characterize a situation of an entity according to the application purposes.
The general-purpose model described hereafter is populated by entities and attributes representing basic concepts of context. In order to represent concepts relevant to specific application fields, the model can be further extended by adding domaindependent context items. Figure 1 using the UML Class diagram notation. The context of an entity is composed of one or more context items. A context item describes a specific characteristic of the entity context. Context items are classified into five general categories:
• Location: the position of the entity. It can be represented in terms of geographical coordinates and/or symbolic location (e.g., "home" and "museum").
• Environmental data: data describing the physical features of the environment surrounding the entity (e.g., temperature, light, noise).
• Activity: activity that can be referred to the entity (e.g., meeting). According to our model, activity is not only referred to users, but also to other entities, more precisely places and computational objects. As a matter of fact, a place can also be described in terms of activities that can be performed in that location (e.g., visit or film projection in a museum), and computational resources can be described in terms of their activity status (active, stand-by, etc.).
• Instrumental context: software and hardware resources (e.g., PDAs) that surround the entity and are potentially relevant to provide instrumental support for computation, connectivity, and so forth.
• Social context: this item describes the social aspects of the entity context, in terms of individuals or groups that have a physical relation of proximity to that entity at a certain instant of time. It is also possible to define a social context for a "place" entity in terms of the users located in that place.
This set of categories aims at being general enough to accommodate different application purposes, but could be extended by adding other appropriate item categories, or by refining the existing ones.
As the Context structure is based on an aggregation of Context Items, these items can be exchanged between entities like "cookies," according to specific dependency rules, permitting fusion or aggregation of context data between entities.
Quality of context information is characterized by the following properties:
• Reliability: probability of the information being true.
• Accuracy: difference between the encoded and actual value of an attribute.
• Precision: the smallest measurable element.
• Source: source of information (e.g., GPS).
• Lineage: processing steps that data have undergone, described in terms of the following labels: static for rarely changing data; predefined for scheduled data; sensed for data captured from the external environment; processed for data that have undergone some processing steps.
• AcquisitionTime and ValidityTime provide the temporal reference of the information associated to the context item. Data Model (CRDM). This model aims at highlighting semantic relations among ontological classes, while the CADDM represents mainly syntactical relations. This model is based on the OWL ontology-based language to address critical issues such as formal context representation, knowledge sharing, and logic-based context reasoning. We chose OWL as it is a W3C recommendation and it is more expressive than other RDF-based languages.
KAMER Context Reasoning Data
The class Entity is specialized by four subclasses: User, Place, Computational Entity, and Object. Each context item, which describes the context of an entity according to the syntactical rules defined in the CADDM model, is here translated into an ontology property.
TOURISM CONTEXT-AWARE APPLICATION 7 OWL distinguishes two types of properties: an "object property" linking a resource to another resource, and a "datatype property" linking a resource to a literal. OWL ontology fragments are represented in Figure 2 by means of the UML class diagram notation. UML Classes represent OWL classes, attributes represent OWL Datatype properties, and associations among classes are used for OWL Object Properties representation.
For instance, an entity can be characterized by the "hasActivity" property (an OWL datatype property), corresponding to the Activity context item in the CADDM model. In order to express the social context related to a place or a person, specific properties (OWL object properties) are defined in the CRDM: a "Place" "isPopulatedBy" some "Persons" and a "Person" has other "Persons" as "SocialMembers" ("hasSocialMember" is an object property).
These facts are expressed as a set of OWL statements in order to be analyzed and processed by inference engines. The CRDM instances can be mapped into the CADDM XML-based representation by means of XSL Transformations (XSLT).
KAMER Tourism Context-Aware Application
The KAMER tourism context-aware application designed is based on the specialization of the general-purpose context-aware system architecture and context models described in the previous section.
As shown in Figure 3 , the implementation of the KAMER architecture is based on the service infrastructure provided by the Mobile Bristol (MB) (2005) Application Framework. The MB Framework offers basic services and development tools intended to facilitate the rapid development and deployment of location-based distributed applications accessible via mobile device. The MB Framework has been provided by the HP Italy, as partner of the KAMER project. The Framework is made of client-side and server-side components. The client-side component contains software modules interfacing with positioning sensors (i.e., GPS receivers and RFID readers mounted on the user mobile client). It communicates via HTTP with the server-side component to send updated user positioning information and to receive tourist content adapted according to user location. The server-side component is a J2EE Web application that interacts with the above-mentioned MB client component and with other components hereafter described and provides users with context-aware and location-based services by generating HTML pages to be rendered on the mobile device. Figure 3 represents the main blocks of the architecture: the above-mentioned MB Framework, the Context Management Middleware (described below), and the other components integrated into the tourism context-aware application to provide community building and knowledge exchange services, namely the Reputation Manager and the Instant Messaging services. These components communicate by means of standard interfaces, implemented according to Web Services specifications.
The presentation layer generates HTML content to provide tourists with an integrated access to these context-aware services via a Web browser on a PDA. The tourism context-aware application provides tourists with an integrated access to the following services: location-based content delivery, instant messaging, and service provider reputation management. The first one is provided by the MB and will not be described here, as it is out of the scope of this article. The other two services are described.
Context Management Middleware
The context-aware system architecture used in KAMER explicitly separates context management components from application logic. This choice aims at facilitating the design and development of context-aware applications and promotes reuse and extensibility of context management modules.
The Context Management Middleware acquires data coming from heterogeneous sources (e.g., GPS, RFID, Web Services, etc.) and processes them for data aggregation, inference of higher level context data, and delivery to applications. This middleware is based on the deployment and coordination of Context Management nodes (in short, Context Manager, CM) in distributed physical locations, each monitoring the surrounding environment.
Each CM node has been developed as a J2EE 8 PAGANELLI AND GIULI Figure 3 . KAMER context-aware application for tourism. Gray boxes represent the components offering services for context-aware community building and knowledge exchange support.
(Java Enterprise Edition) module. Each node can perform the following functions: taking care of context data acquisition from context providers, data representation, reasoning and delivery to context-aware applications, managing queries from applications and/or notifying them when context has changed. The previously described general-purpose ontology model has been instantiated according to the requirements of the tourism application domain. The model describes the context of entities populating the tourist scenario. Entities of interest for application purposes are, of course, tourists, but also places, more especially Points of Interest (POI). For instance, a POI can be an important square or church. These POIs are useful for location-based content delivery but also for grouping tourists based on their reciprocal physical proximity, as described below.
Entity context is described in terms of context items organized in five categories: location, activity, environmental data (e.g., weather), social context, and instrumental context. For the KAMER tourism application, we divided the center of Piacenza into a set of areas, each corresponding to a POI. User location is provided by MB, via a GPS receiver and an RFID reader mounted on the user PDA. Geographical coordinates and RFID readings are mapped into POIs' symbolic positions. Weather information is provided by an external provider via a Web Service interface. Description of device characteristics (instrumental context) is provided manually by the user at application startup. Other items (tourist activity and social context) are inferred via deductive reasoning on sensed context data (e.g., user location). With the term user "social context" we mean the group of tourists who are located close to the user himself, or more precisely in the same POI area.
CM nodes have similar inner components, as shown in Figure 4 Context reasoning and management features implementation is based on Jena, a Java framework for building semantic Web applications (Jena, 2005) . Rules can be written in the Semantic Web Rule Language (World Wide Web Consortium, 2004a) and then transformed, via XSLT transformation, in the Jena textual rule format. The Context model representation is stored in a relational database (MySQL) .
Communication between CM and contextaware applications for context data delivery is based on Web Services standards and on a Publish & Subscribe (P&S) HTTP-based service notifying changes of context data items to subscribed applications.
As mentioned above, this architecture allows the deployment of a distributed set of CMs. When a user moves from a place monitored by a CM to another place monitored by a second CM, user context data management "moves" consequently. In order to coordinate distributed CMs' activities each CM exposes a set of Web Services to exchange the current context of a tourist or the entire representation of the CM context model with another CM.
The P&S service is managed transparently to applications: applications subscribe once to user context items and these subscriptions can be transmitted from one CM to a second one.
The configuration already implemented for the KAMER tourism application scenario includes two CMs, as shown in Figure 4 : a central CM acting as default context manager and managing the contexts of all tourists in the system; a local CM deployed in a museum (Palazzo Farnese in Piacenza) responsible for tourist context there. During the tour, tourist context data are managed by the central CM, except when he/she visits the museum.
While in most context-aware tourism applications user context data are entirely managed on user PDA, our approach aims at distributing con-text data acquisition and management features, assuming a permanent connection. Main advantages of this approach are:
• the possibility of exploiting context data consistency check and reasoning capabilities of ontology-based technologies, which at present cannot be deployed on mobile devices; • the extensibility of the system: each local CM can be configured with ad hoc reasoning rules, related to the kind of place in which it is deployed (e.g., a museum or a theatre).
KAMER Reputation Manager
The tourist service provider reputation management system, in short Reputation Manager (RM), provides functionality for creation, updating, and visualization of tourist service provider reputation. The system is based on a knowledge base fed by tourists' feedbacks after having used on-site services.
The system is thus used to provide recommendations about restaurants, hotels, and other tourist services. The service can be triggered implicitly through location and context sensing (i.e., lunchtime) or by an explicit query formulated by the user. Tourists' decision processes can be supported by reputation content generated by user themselves.
In the following we provide some details about the reputation system implemented in KAMER. Reputation systems have been defined as systems collecting, distributing, and aggregating feedback about agents' past behavior (Resnick & Zeckhauser, 2000) .
The KAMER Reputation Manager implements a reputation metric that accounts for dimensionality and missing report management. In reputation management, dimensionality-also referred to as ontological dimension-consists of accounting for the description of a complex service or goods in terms of its main conceptual components properly weighted as to reflect the relative impact of each component on the global rating (Sabater & Sierra, 2001 ). In Figure 5 we provide an example of evaluation aspects that can be applied to a hotel service.
Every atomic aspect of the ontological dimension of a service can be rated by the user choosing among three possible ratings: positive (+1), neutral (0), and negative (−1). Users can leave also a short comment.
Feedbacks are submitted by tourists through Web forms. The application logic of the KAMER Reputation Manager processes the collected feedbacks and applies statistical computation in order to calculate the reputation of the service provider, in terms of global reputation as well as what is obtained by grouping feedbacks together from tourists with similar profiles. A User Profile is made up of a set of data that is manually entered at application start-up: age, nationality, preferences on tourist itineraries, and tourist services (hotels, restaurants, etc.).
For a user, it is not mandatory to provide a feedback. If a user decides not to provide the feedback at the end of service fruition, this behavior is taken into account in our reputation management system. Hence, KAMER accounts for the missing report as a specific type of report. According to Dellarocas (2004) , which suggests to use an optimistic policy as regards missing reports (no news is good news), we interpret a missing feedback as a "slightly positive" rating (+0.2). This means that the missing report is interpreted as of the type good, but with a lower credibility strength (or weight). This interpretation of the missing report is applied to each atomic aspect of the ontological dimensions More precisely, the set of possible ratings for each aspect of the service is: ρ i = {−1, 0, +0.2, +1}. If π i is the weight to be assigned to each of the n aspects of the service, the global score for the seller/service S is calculated by the following formula:
The Reputation Manager has been implemented as a J2EE module. The reputation knowledge base is stored in a relational database (MySQL). Further details about the reputation model and the implementation can be found in Melani (2006) .
KAMER Instant Messaging Service
The KAMER Instant Messaging (IM) service aims at promoting knowledge exchange and collaboration between tourists, by enhancing tradi- This system provides users with additional information (i.e., current activity and location) about personal contact list members, in addition to existing instant messaging basic features. Personal contacts also include tourists on site who are currently located close to the user. These contacts are organized in a dynamic group called "TouristsNearby." This group changes according to the composition of the user social context, which is continuously updated by the Context Management Middleware. The composition of tourists groups can be related to the user location, as in our scenario, but also to other kinds of context-based data items (e.g., common interests, nationality, current activity, etc.). This approach, based on the Context Management Middleware, is thus more flexible than other strictly proximity-based approaches (e.g., those using Bluetooth).
The system architecture is composed by an IM client, an IM server enhanced with two plug-ins for context data management, and a module (Con textClient) managing the communication with the CM (Fig. 6) . Among existing IM protocols, we chose the Jabber Protocol (www.jabber.org), as it is an open XML-based standard and a wide community is working on upgrading the protocol and adding new features, including context awareness (Jabber Software Foundation, 2006a , 2006b ). The IM server implementation is based on Wildfire, a Java server that supports most Jabber features and can be easily extended with custom plug-ins (available at http://www.jivesoftware.org/wildfire/).
The IM client is based on webJabber, a J2EE client running on a Tomcat server and using a Web browser GUI (available at http://webjabber. sourceforge.net/). In order to maintain a light configuration on the PDA, we decided to deploy the IM client at the server side. Dynamically generated HTML pages are sent to the PDA and displayed by the Web browser.
The ContextClient manages the interaction between the IM server and the CM. It is subscribed to the CM in order to be notified when IM users' context changes. Notification content is translated into the Jabber XML vocabulary, the Extensible Messaging and Presence Protocol-XMPP (Internet Engineering Task Force, 2004) , and sent to the IM server inside a Jabber XML stream (called XML Stanza in the Jabber standard) with a custom namespace.
At present we are developing two server plugins for context data management: one for user activity and location data, another for user social context. The first one is a Jabber XML stanzas handler that processes Stanzas with the abovementioned custom namespace. When a change of a user's location or activity occurs, the IM client of that user and those of his/her contact list members are notified of the change, according to the standard Jabber protocol. The second plug-in is responsible for the social context updating. This plug-in manages the composition of the "Tourists Nearby" group for each IM user, according to the user social context composition. Regarding the IM client implementation, management of the "Tour istsNearby" group has not required additional features. On the contrary, activity/location data management will require the development of ad hoc application logic for data management and presentation.
Implementation Issues and Experiences
With End Users
During the design and development of the KAMER tourism application we faced several issues related to the user interaction with a mobile Figure 6 . KAMER instant messaging architecture. tourist application. As a matter of fact, tourists are generally not accustomed to using PDAs, and they do not want to be overwhelmed by the amount of effort required to interact with technological devices during a tour. In order to make the interaction as pleasant as possible we chose the HP iPAQ hx4700 PDA, which is characterized by higher resolution display (640 × 480) with respect to similar devices.
Moreover, the application allows users to configure the content delivery service behavior: contents are proactively delivered without any interaction with the user, or the option "view content" or "skip" is shown before content delivery. The first choice requires a minimal user interaction, while the second one allows the user to control the information flow.
Introducing context-awareness features in the IM system requires the display of additional information in a clear and noninvasive way. In common IM clients for desktop environments, contact list and contact presence information can be displayed on the main page and events are notified with alerts. This approach is not satisfactory for a context-aware IM system for a PDA, where additional context information has to be displayed on a small size screen and alerts to notify context changes could be too invasive. We decided to show context information in a separate ad hoc contact details page, and to let the user choose for what context data type he/she should be alerted.
Use-case testing is under way: a first trial has been performed in the city center of Piacenza (named Piacenza City Tour) and more operational trials are planned in the near future. Testing activities are focused on evaluating end users acceptance of implemented features.
Piacenza City Tour
The technical infrastructure of the testing environment is described. Connectivity in the Piacenza city center was assured by WiFi coverage and tourists were provided with PDAs equipped with a GPS receiver and an RFID reader. RFID tags were disseminated in indoor environments (mainly in the Palazzo Farnese museum) in order to detect user physical proximity to Points of Interest.
Two servers were configured for the testing activities. On the main server, the MB framework, the main instance of CM (central CM), the tourism Web-based application, the KAMER Instant Messaging system, and the Reputation Manager have been deployed. The other server, located in Pa-lazzo Farnese, hosted the secondary CM instance, managing context data of tourists inside the museum. The client-side part of MB was deployed on the PDA to manage context data acquisition from RFID reader and GPS receiver.
The adopted method was a field experiment, where users had to perform some typical tourist tasks, while using the services provided by the KAMER application. At the end of the trial session, users answered a questionnaire.
First, we contacted schools, cultural associations, and the Piacenza tourist office in order to have the capability of selecting representative participants from heterogeneous groups of people. Users were selected to obtain a significant distribution with respect to age and sex. The familiarity with ICT services (such as WWW, e-mail, mobile devices) was documented for each test user but not considered as a criterion in selecting participants.
The first trial session in Piacenza was conducted with 30 users. As a consequence, we are far from having statistically significant data available, but useful outcomes have been drawn from questionnaire responses.
User population was characterized by the following percentages, respectively according to age: 23% (16-25), 40% (26-40), 18% (40-50), 19% (51-65); and sex: 41% (male), 59% (female).
The trial was organized in sessions of 2 hours, each participated by a group of four to five users. The researcher staff followed the users during the test for assisting users and observing their behavior during the use of the system. During the session users could access the KAMER context aware services: location-based touristic content delivery (geo-referenced map of the city center, multimedia content describing POIs close to the tourist's position, user feedbacks on tourist services, and instant messaging).
A large majority of users were quite satisfied by the system's overall features (more than 60%). The capability of receiving information about nearest services (e.g., restaurants) was judged very useful (70%). Tourists aged less than 40 years appreciated the instant messaging service, while the majority of older tourists found it disturbing and useless. Most users used the reputation system to decide about tourist service providers, but only a few of them (20%) left comments on their turn. This issue will be further investigated in future testing activities and properly analyzed in order to find an interface paradigm facilitating users in interacting with the system to provide content.
From this activity, we learned the following major lessons. Familiarity with technology was not a prerequisite to access the services; rather, users considered quality and amount of available content as relevant criteria for the evaluation of the application. Proper business models should be designed for this kind of application, including also appropriate incentives to encourage users to leave their feedback and not only avail themselves of that left by others. Recently, Melamed, Shapira, and Elovici (2007) proposed a pricing mechanism, included in their market-based collaborative information filtering system. According to that pricing model users pay "points" to consume recommendations and receive "points" for providing judgments.
Users have shown different concerns with respect to personal information sharing with other users for activating community services, such as instant messaging. Thus, personalized privacy protection mechanisms should be deployed in order to make user feel comfortable with context acquisition and sharing system capabilities.
Conclusions and Future Work
In this article we have outlined our approach for context-aware tourism service delivery based on the concept of tourists as content producers and consumers and members of a community. In order to support community building among tourists, communication and knowledge exchange tools have been developed in the form of instant messaging and service provider reputation management systems. The originality of our approach resides in augmenting these services with context management capabilities and offering them to users on the move together with location-based content delivery.
Here we have described main design issues and implementation details of main components of the KAMER tourism application (i.e., the Context Management Middleware, the Reputation Manager, and the context-aware Instant Messaging service). We have also discussed the results of a user trial performed in the city center of Piacenza.
Context awareness requires an extensive use of data on individuals, thus implying several issues concerning privacy. In order to adequately address these problems, our future work will focus on solutions for privacy policy specification and enforcement.
The project focuses on the introduction of mobile and context-aware technologies in the business area of tourism and related information service delivery. The widespread success of mobile telephony and the increasing adoption of "converged devices" are relevant factors encouraging the possible commercial exploitation of KAMER results.
Actors that can potentially benefit from the KAMER tourism scenario include: content providers, application service providers, mobile device producers, wireless Internet providers, and mobile telephony operators. Roles and revenue sharing for each actor and related business models deserve further specific studies.
